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Abstract
Background and Objective: Grass pea (Lathyrus sativus L.) is a multipurpose grain legume with an indeterminate growth habit. The
objective of this study was to identify adaptation mechanisms of grass pea to water deficits. Materials and Methods: In the germination
experiment, the used osmotic potential were: 0 (distilled water); -0.03, -0.1, -0.7 and -1.0 MPa, osmotic shock induced by increasing
concentrations of polyethylene glycol (PEG). After treatment for 7 days, germination percentage, root and shoot length, seedling fresh
and dry weight were measured. In the second experiment, water deficit was imposed on plants of grass pea by withholding water from
first flowering. Results: Seeds of L. sativus were able to germinate at all concentrations of PEG treatments. Higher concentrations of
PEG (-1.0 MPa) were less inhibitor effect on seedling shoot and root elongation. This study showed that under water deficit, grass pea
avoids dehydration through a reduction in leaf area and fresh biomass. Water deficit reduced dry matter, seed yield, seed number, seed
size, flowers number and harvest index, respectively, when compared with the controls. Conclusion: Conclusively, grass pea showed a
better germination under osmotic stress; therefore, it seems to be a suitable candidate for breeding programs.
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INTRODUCTION

MATERIALS AND METHODS

The environmental stress such as drought is serious
obstacle for horticulture and field crops in all around the
world, especially in arid and semiarid regions. Drought is
considered as a worldwide problem currently which is
expected to elaborate in the near future1. Environments with
water restriction and salt excess produce harmful effects on
seeds, such as a significant reduction in the germination
percentage and rate in the root length and fresh mass and
in the shoot of seedlings2; they may even cause a complete
inhibition of the germination process of seeds3. In plant
production, the most important factors limiting crop
productivity are environmental stresses. Disruption of plant
water management caused by drought, salinity or low
temperature is a major yield decreasing factor4. The use of
plants that are more resistant to environmental stresses,
particularly in the germination and early seedling growth
stage is gaining importance day by day5. Several
Lathyrus species and in particular Lathyrus sativus (grass
pea) have great agronomic potential as grain and forage
legume, especially in drought conditions6. It can survive
harsh environmental conditions, making the crop suitable
for drought prone areas7. It is superior in yield, protein value,
nitrogen fixation and drought, flood as well as salinity
tolerance than other legume crops. Grass pea not only has
potential as an agriculturally important crop for animal feed
and human food, it can also be useful for studies of plant
drought resistance8.
In Tunisia, the genus Lathyrus is cultivated mainly for
grain production (food) and also used as fodder (animal feed)
by farmers. Grass pea (Lathyrus sativus L.) is a legume crop
with a unique adaptation features to abiotic stresses such as
drought or poor soil conditions6 and as a result is considered
a promising source of genes of interest. It is one of the
relatively infrequent grain legumes. Also, high protein content
makes this species interesting as a forage crop9-11. Although
rich in protein, the utilization of grass pea grain is limited by
the presence of water soluble, non-protein amino acid
a-N-oxalyl diaminopropionic acid (a-ODAP) which causes
lathyrism in animal12.
While grass pea crops are known to be well adapted to
drought but details of growth and yield responses to water
deficit during germination and the reproductive period are
not fully understood. The objective of this study was to
determine the effect of water stress on germination and
during reproductive period as well as on some morphophysiological parameters of Lathyrus sativus due to
osmotic effect and to optimize the best priming treatment
for these stress conditions.

Design of simulated drought conditions: Water stress
conditions were simulated by polyethylene glycol-6000 (PEG)
at one of four concentrations. Table 1 shows how osmotic
potential decreases with increasing PEG-6000 concentration:
OP = (-1.18×10G2)GC-(1.18×10G4)×C+(2.67×10G4)×
C×T+(8.39×10G7)×C2T

Where:
C = PEG concentration
T = Temperature
Plant materials and growing conditions: In the first
experiment, to determine the tolerance of the germination
to the water stress, the seeds of grass pea were imbibed in
the distilled water and in solutions of Polyethylene Glycol
(PEG-6000). For each experiment, 20 seeds were soaked in PEG
6000 solution of different water potentials (-1.0, -0.7, -0.1 and
-0.03 MPa) were prepared. The number of seeds germinated
was counted daily for 7 days. Distilled water was used as a
control (0 MPa). The PEG solutions were prepared dissolving
different concentrations of PEG 6000 in deionized water.
Seeds were germinated at a constant temperature of
25±1EC, in a controlled chamber. Samples of 80 seeds
(4 replicates of 20 seeds each) were placed in Petri dishes
containing a single filter paper moistened with 10 mL of PEG
solution. After treatment for 7 days, all grass pea seedlings
were sampled. Germination percentage, root and shoot
length, water content, seedling fresh and dry weight and
content of sugar were measured in the study.
In the second experiment, growth conditions and stress
treatments of grass pea (Lathyrus sativus L.) were conducted
in a greenhouse at the Experimental Station of INRAT in
Tunisia (35E87 N, 9E96 E) in January, 2018. When plants
reached flowering, drought was imposed to stress pots by
withholding water for a week, while non-stressed plots
continued receiving irrigation. The experiment design was
split-plot with 6 replications.
Measurement of germination and agronomic parameters
Experiment 1: Germination: The seedling fresh and dry
weight expressed as mg/plant and length of root and
Table 1: Amounts of polyethylene glycol used for producing of different levels
of osmotic stresses
Water stress (Mpa)

0

-0.03

-0.1

-0.7

-1.0

*Amount of PEG 6000 (g PEG/l H2O)

0

5.3

15.3

63.9

80.3

*According to Michel and Kaufmann13 at temperature of 25EC

13
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shoot (mm) were determined after 7th day of germination test
in all the germinated seedlings. The seedling dry weight was
determined after drying at 80EC for 24 h.
The germination process was evaluated during 7 days;
germinated seeds were counted every day (February, 2018):

C
C
C

C

a

a
a

94
92
90
88

b

86
84

Total number of germinated seeds
×100
Total seed

82
80

Fresh weight of seedling after 24, 42, 48 and 92 h at
different osmotic potentials
Dry weight of hypocotyl and radicle
Radicle length and hypocotyl length of seedling
Water content (WC) at different osmotic potentials, the
WC percentage was calculated by using the equation 14:
100×

a

96

The final Germination Percentage (GP) was calculated in
the 7th day by using the following equation:
GP =

C

98
Germination (%)

C

100

0

-0.03

-0.1

-0.7

-1.0

Water def icit (MPa)

Fig. 1: Germination percentages of grass pea at different
osmotic potentials of PEG
Values are Mean±SE (n = 5), one-way ANOVA was used to test
differences among treatments, different letters indicate significant
differences among concentrations of PEG 6000 at p<0.05 (Tukeyʼs test),
control treatment was distilled water

FW  DW
FW

Contrary, it increased considerably with decrease of osmotic
potential. The maximum of germination was obtained after
3 days in all treatments. Decreasing osmotic potential from
-0.7 to -1.0 MPa in the media caused a significant reduction in
germination percentage. Seed germination was 96% under
control and 84% under stress conditions (Fig. 1).

Determinations of total sugars: Total sugars were
determined by phenol-sulfuric acid reaction, the analysis
consisted in addiction of 2.5 mL of sulfuric acid and
0.5 mL 5% (w v-1) phenol solution over 0.5 mL of diluted
sample. Afterwards, it was kept at room temperature for
20 min. After the reaction time, the optical density was
determined at 480 nm in spectrophotometer15

Seedling fresh weight: Decreasing water potential by PEG
concentration caused a reduction in seedling fresh weight.
Differences determined among the treatments were
significant. When early seedlings were exposed 24 h from
water stress to optimal conditions (-1.0 MPa), they were
accompanied by a decrease in fresh weight of about 0.12 mg
(from 0.36-0.24 mg) (Fig. 2).

Experiment 2: Flowering period: In the second experiment,
observations on yield and yield attributing characters: Plant
height (cm), number of pods per plant, number of seeds per
pod, number of seeds per plant, fresh weight of biomass per
plant (g), dry weight of biomass per plant (g), number of
flowers per plant were recorded in May, 2018.

Seedling dry weight: Dry weights of hypocotyl and radicle
of L. sativus grown in different osmotic potential are
presented in Fig. 3. Generally, drought conditions generated
by PEG significantly influenced dry weight of radicle and
hypocotyl of grass pea. The highest and lowest dry weight
were observed at control treatment and at -1.0 MPa (Fig. 3).
However, at the different osmotic potential the dry weight
deceased significantly with increasing drought levels (p<0.05)
compared to the control (Fig. 3).

Statistical analysis: The data was statistically tested by a
one-way ANOVA followed by a Tukeyʼs test. The analysis of the
significance of difference for each parameter was performed
on the basis of mean values and a level of significance at
p<0.05. Each parameter was measured in at least five
reiterations in control, PEG treatment and water deficit groups.
RESULTS

Water content: The water content of Lathyrus shoots
Germination of grass pea at different osmotic potentials

decreased under osmotic stress (Fig. 4). A significant reduction
in water content of grass pea was observed at lower osmotic
potential (-1.0 MPa), as far as in the experiments with different
osmotic potentials of PEG (Fig. 4).

of PEG
Seed germination: The result showed that germination
percentage was not significantly decreased by PEG solutions.

14
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Fig. 2: Seedling fresh weight of field pea at different osmotic
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Fig. 4: Water content of grass pea at different osmotic
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Values are Mean±SE (n = 5), one-way ANOVA was used to test

Values are Mean±SE (n = 5), one-way ANOVA was used to test

differences among treatments, different letters indicate significant
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Fig. 3: Dry weight of radicle and hypocotyl of grass pea at

Fig. 5: Length of hypocotyl and radicle of grass pea at different

different osmotic potentials of PEG

osmotic potentials of PEG

Values are Mean±SE (n = 5), one-way ANOVA was used to test

Values are Mean±SE (n = 5), one-way ANOVA was used to test

differences among treatments, different letters indicate significant

differences among treatments, different letters indicate significant

differences among concentrations of PEG 6000 at p<0.05 (Tukeyʼs test),

differences among concentrations of PEG

control treatment was distilled water

increased significantly in both the radicle and the hypocotyl
of L. sativus (Fig. 6). The contents of sugar increased with
decreasing of osmotic potential with that in the radicle being
significantly higher than that in the hypocotyls. The maximum
content of sugar in hypocotyl of grass pea seedling was
5.2 µmol gG1 DW observed at -1.0 MPa compared to the
minimum 3.5 µmol gG1 DW at control. Decreasing of osmotic
potential affected the content of sugar in radicle, the
maximum was 15.2 µmol gG1 DW at -0.7 MPa treatment and
the lowest was 5.8 µmol gG1 DW at control (Fig. 6).

Length of hypocotyl and radical: For the length of hypocotyl
and radicle of grass pea at different osmotic potentials, the
solutions of -0.7 and -1.0 MPa had a stronger negative effect
than the -0.03 and -0.1 MPa solutions (Fig. 5). The highest
radicle was recorded in control (7.3 cm), whereas the lowest
one was noted at -1.0 MPa (2.9 cm) (Fig. 5).
Content of sugar: The results show that, along with a
decrease in osmotic potential, the accumulation of sugar

15
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Fig. 7: Variation of plant height, root length, number of
branches and leaf area of Lathyrus sativus with the
water deficit
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highest plant was obtained at control with 66 cm compared
to stressed plant with 45 cm. Contrary, application of water
deficit stress during the flowering stage increased sharply
root length of grass pea plants about 28 cm compared to
their respective controls with 18 cm. The main effect of
drought was significant for number of branches and leaf area
by reduction of the mentioned traits (Fig. 7). Water deficit
decreased flower production by 70 % compared with the
control (Table 2). Under stress conditions, the harvest index
was 0.61 instead of 0.80 in the control treatment.

3.5
3.0
2.5
2.0
1.5
1.0
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Fig. 6(a-b): Effects of PEG induced water deficit on the content
of sugar in (a) Radicle and (b) Hypocotyl of grass
pea seedling
Values are the means of 5 replicates means followed by different
letters are significantly different at p<0.05 according to Duncanʼs
method

DISCUSSION
In this study, all determined germination and seedling
parameters (fresh and dry weight, radical length, hypocotyl
length and water content) decreased significantly in response
to water stress with PEG of grass pea. Seed germination and
early seedling growth were potentially the most critical stages
for water stress16. The results showed clearly that the pea
seed germination and seedling growth were inhibited by
osmotic effect during the seedling development. Contrary,
Piwowarczyk et al.17 found that osmotic stress had no
influence on seed germination of any of the accessions of
Lathyrus tested. The depressive effects of an increased
water deficit upon germination percentage and following
seedling emergence have been extensively shown in many
crops18-20. Jiang et al.21 showed that grass pea compared to
the common garden pea has better adaptation to drought
stress. This is a common behavior of plants and in fact,
these early phases of the life cycle are generally the most
sensitive to stress19,22,23.

Table 2: Effect of water deficit on yield, harvest index and yield components
in Lathyrus sativus

Components

Treatments
------------------------------Control
Stressed

DM (g plantG1)
Seed yield (g plantG1)
Pod number (plantG1)
Pod size (cm)
Seed number (podG1)
Seed number (plantG1)
Flowers number (plantG1)
Harvest index

1.34a
1.07a
5.10a
3.52a
2.70a
10.20a
3.44a
0.80a

0.82b
0.50b
2.40b
2.45b
1.70b
3.90b
1.01b
0.61b

LSD (p<0.05)
0.001*
0.007*
0.001*
0.001*
0.004*
0.000*
0.011*
0.004*

*Significant at 5%, values are means (n = 8)

Effect of drought during flowering stage: Generally, drought
conditions generated by withholding water significantly
influenced the vigor of grass pea plants. However, the water
deficit caused a significant decrease in plant height, number
of branches and leaf area of Lathyrus sativus (Fig. 7). The
16
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Concentrations of total soluble sugars increased sharply

SIGNIFICANCE STATEMENT

in PEG-treated grass pea seedling compared to their
respective controls, which was consistent with some plants

Despite the importance of legumes for sustainable
production of plant proteins, the progress achieved in Tunisia
remains modest. Considering the drought tolerance and
resistance to biotic stress of grass pea are valuable traits
that can be beneficial and become an added commercial
value to many other crops. These results indicate that
tolerance of L. sativus under water deficit could be used as
an adaptive trait for improving drought-resistant crops.

under water stress such as maize (Zea mays L.)24 and wheat
(Triticum aestivum L.)25. The significant reduction of pod
number and the growth inhibition of L. sativus caused by
water deficit was due to interference with plant growth
processes like cell division and cell enlargement, inhibition in
nutrient uptake, reduction in dry matter production due to
inhibition of metabolic processes such as photosynthesis
and respiration26. The sensitivity of flowers and pods to
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